Crustose calcareous algae (CCA) constitute one of the main reef builders on the Abrolhos Bank, Brazil. Once CCA taxonomy is locally understood, differences in growth-forms may be useful for the delimitation of taxa using characteristics such as the presence or absence of surface protuberances. Here, growth-forms were used to identify and quantify the most common CCA taxa on the shallow reefs (3-10 m) of the Abrolhos Bank to determine possible changes in the CCA community over a period of 10 years, and the ecological significance of CCA to local reefs was interpreted. The CCA assemblages were surveyed from 2006-2015 by using fixed photoquadrats at four sites in the inner (10-20 km from the mainland) and mid-shelf reefs (40-75 km from the mainland). The five most common CCA taxa were Pneophyllum conicum, the Lithophyllum kaiserii / Lithophyllum sp. complex, Melyvonnea erubescens, the Hydrolithon boergesenii / Porolithon onkodes complex and Peyssonelia sp. The overall mean CCA cover on the reefs was 20%. A comparison with a previous monitoring study in the same region indicated that the CCA cover nearly doubled from 2003-2008 to 2006-2015. This study reveals that the coral-killing species P. conicum dominated CCA flora on the shallow Abrolhos reefs in the last decade, and the local specific abundance of CCA slightly fluctuated over time and was species-and site-specific. The information obtained in this study contributes to the understanding of the ecology of the key calcifying components of the Abrolhos reefs and provides a useful baseline for exploring the responses of CCA to future environmental changes.
INTRODUCTION
The Abrolhos Bank, off the coast of Brazil, harbours the largest and richest coral reefs in the South Atlantic. Because of the importance of live crustose calcareous algae (CCA) (here referring to Corallinales, Hapalidiales, Sporolithales, and Peyssonneliales) as major frame-builders, Abrolhos reefs are significantly different from other well--studied reefs (e.g., Caribbean and Indo-Pacific) where corals are the principal reef-builders (Leão and Domingues 2000 , Francini-Filho et al. 2013 , Reis et al. 2016 . In addition to being framework builders, CCA are early colonizers of available marine hard substrata (Foster 1975 , Quinn 1982 , Steneck 1986 , Kendrick 1991 , Mariath et al. 2013 ) and play important roles in the cementation and accretion of tropical reefs (Adey 1975 , Johansen 1981 . They are also important substrata for scleractinian coral settlement and early growth (Babcock and Mundy 1996, Harrington et al. 2004) .
Reef health has been evaluated by a range of indices and single indicators (Díaz-Pérez et al. 2016) . Among them, the proportions in abundance of reef-builders (e.g., corals and CCA) vs. non-reef-builders (e.g., fleshy macroalgae) and the rates of accretion vs. erosion in the reef ecosystem have been widely used as metrics for reef health (Silbiger et al. 2014 , Reis et al. 2016 . Reefs dominated by reef-builders with rates of accretion higher than those of erosion are usually considered as healthy ones (Reis et al. 2016) . On the other hand, if dominant species are non-reef-builders and erosion rates are higher than accretion rates, it can be a signal of an unhealthy reef (Perry et al. 2008 , Sweatman et al. 2011 , although there are exceptions (Vroom et al. 2006) .
In contrast with fleshy macroalgae, the invasion of CCA and deleterious effects on corals are considered uncommon (Benzoni et al. 2011 , Eckrich et al. 2011 . However, at least seven CCA species have been reported to overgrow and kill living corals: Harveylithon rupestre (Foslie) A. Rösler (Keats et al. 1997 , Antonius 2001 , Pueschel and Saunders 2009 , Ballantine and Ruiz 2011 , Benzoni et al. 2011 ). Among them, P. conicum has been identified in the Indo-Pacific as one of the most aggressive scleractinian coral killers, representing a syndrome of epizoism (Keats et al. 1997, http://e-algae.org m, and bases at 15-20 m depth) or "chapeirões" that form the Parcel dos Abrolhos (PAB; outer reef arc) Kikuchi 2005, Moura et al. 2013 ). This study was carried out on the reef tops of Pedra de Leste (PL) on the inner reef arc and AA and PAB on the outer reef arc (Fig. 1) , corresponding to some of the sites studied by FranciniFilho et al. (2013) . The PL reefs (17°47′01″ S, 39°03′05″ W) are the near-coast study site and are approximately 10-15 km away from the shore in the Parcel das Paredes. This latter consists of shallow large reef banks (Type 1) that are formed by pinnacles fused at the tops, and isolated patch reefs surrounding the fused structures. The AA (17°57′45″ S, 38°41′43″ W) is located approximately 70 km east of the coast and is surrounded by fringing biogenic reefs that have developed over rocky substrata (reef Type 2). The PAB reefs, which are represented here by PAB2 (17°58′54″ S, 38°40′23″ W) and PAB3 (17°59′53″ S, 38°40′18″ W), are located approximately 75 km east of the coast. These reefs consist of isolated giant coral pinnacles, "chapeirões" that do not fuse to form bank reefs as they do in the coastal zone (reef Type 3). The outer reefs, AA and PAB (two sites), are located within a no-take marine protected area (Abrolhos Marine National Park) that was designated in 1983.
Quantitative data
Surveys were always carried out in summer (JanuaryMarch) to avoid seasonal influences. Between 2006 and 2015, the CCA assemblages were characterized using fixed photoquadrats in the reef flats (n = 10 per site). Each quadrat was composed of a mosaic of 15 high-resolution digital images obtained using Canon EOS 5D (Canon Inc., Tokyo, Japan) and Nikon D90 (Nikon Corp., Bangkok, Thailand) cameras with underwater housing totalling 0.4 m 2 . Quadrats were permanently delimited by fixed metal stakes and set at haphazard distances along 20-50 m transects. The relative cover of CCA assemblages was estimated from intercepts of 300 randomly distributed points per quadrat (i.e., 20 points per photograph) using the Coral Point Count with Excel Extensions Software (Kohler and Gill 2006) . The frequencies of occurrence of CCA species were estimated by identifying the presence or absence of each CCA group and each species / complex using the 15 high-resolution digital images per quadrat (n = 10) (archived and analysed in Adobe Photoshop Lightroom 5 software). Surveys from specific six years (2006, 2009, and 2012-2015) were selected for this study, as they had a sufficient number of high-quality photographs required for the analyses.
as Hydrolithon onkodes). These taxa exhibited stable growth-forms and visually distinctive characteristic, at least in Abrolhos Bank, that allowed us to recognize these species in the field (Jesionek et al. 2016) .
The goal of this study is to determine the possible changes in the CCA communities on shallow reefs of Abrolhos Bank over a period of 10 years (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) and interpret the ecological significance of CCA to the local reefs. For this purpose, we evaluated the spatial and temporal patterns of the abundance of the most abundant local CCA species.
MATERIALS AND METHODS

Study area
Abrolhos Bank (16°40′ to 19°40′ S, 37°20′ to 39°10′ W) has three main morphological types of shallow reefs that are distributed in inner and outer reef arcs: Type 1, isolated bank reefs of varied shapes, with dimensions that range from less than 1 km to approximately 20 km in length that occur nearshore (inner reef arc) at depths of 3-20 m; Type 2, shallow offshore (<10 m deep) fringing reefs that border the islands of the Abrolhos Archipelago (AA; outer reef arc); and Type 3, isolated mushroomshaped reef columns (up to 25 m high, with tops at 5-10 pooled and quantified as a single morphotype called the H. boergesenii / P. onkodes morphological complex. The same occurred with the two local branched Lithophyllum species, Lithophyllum kaiseri, and Lithophyllum sp., which can currently be distinguished from only DNA sequences (Jesionek et al. 2016) . For this reason, these two species were pooled and quantified as the L. kaiseri / Lithophyllum sp. morphological complex.
Hydrolithon boergesenii (Foslie) Foslie and Porolithon onkodes (Heydrich) Foslie morphological complex
Thalli are encrusting to lumpy and whitish or pink to purple in colour. Thallus surfaces were generally smooth and formed swollen protuberances that were contiguous or separated by slits (Figs 2E, 3E & F) . This morphotype is limited to shallow areas of the reef that are directly exposed to sunlight. This morphotype was commonly found overgrowing living hydrocorals, stony corals, and other CCA species. Borer holes are frequently seen at their thallus surfaces.
Pneophyllum conicum (E. Y. Dawson) Keats, Y. M. Chamberlain & M. Baba
Thalli are pink to purple in colour with predominantly warty and sometimes encrusting growth-forms. Thallus surfaces are generally dominated by nodular and small warty protuberances ( Fig. 2A ) that are sometimes influenced by the substrate shape ( Fig. 3A & B) . This species was found covering large areas of the top and walls of the reef from 2-15 m depth and often overgrowing living fire-corals (Millepora spp.), stony corals, and other CCA species.
Lithophyllum kaiseri (Heydrich) Heydrich / Lithophyllum sp. morphological complex Thalli are fruticose, pink to dark red in colour. Protuberances have a smooth surface, are cylindrical and frequently slightly compressed. Most protuberances terminate with blunt apices, and some are fused at the distal ends (Figs 2B & 3C) . This morphotype was found in shallow (2-5 m depth) exposed areas of the reef creating densely branched mounds that could reach more than 10 cm thick. Although some individuals can occasionally be seen growing over corals, the area occupied by an individual is relatively small when compared with the organism underneath.
Identification methods
The CCA species were identified in the images based on their typical external appearance (growth-form), as described in Jesionek et al. (2016) . The details of the growth-forms used to distinguish the species are related to the thallus textures and protuberance patterns, as presented in Fig. 2 . Growth-form terminology followed Woelkerling et al. (1993) .
Data analyses
The differences in the relative covers of CCA assemblages and frequencies of occurrence of CCA species / complexes between sites and years were evaluated by means of a permutational multivariate ANOVA (PERMANOVA) that included one or two fixed factors. The analysed factors were site (PL, AA, PAB2, and PAB3) and year (2006, 2009, and 2012-2015) .
Cluster analysis based on the Bray-Curtis coefficient was used to evaluate the relationship between sites / years and the frequencies of occurrence of the five identified taxa. Statistical analyses (PERMANOVA and Cluster) were carried out using PRIMER ver. 6 + PERMANOVA software (PRIM ER-E Ltd., Ivybridge, UK). Pairwise comparisons were performed to identify the variations among levels and significant factors when there was a significant difference (p < 0.05). Correlations between frequencies of occurrence of each CCA species / complex were computed using Statistica ver. 7.0 (StatSoft, Inc., Tulsa, OK, USA).
RESULTS
Characterization of the composition of CCA assemblages
Five dominant CCA taxonomic groups were identified belonging to Corallinales (Hydrolithon boergesenii [Foslie] Foslie / Porolithon onkodes complex, Pneophyllum conicum, and Lithophyllum kaiseri [Heydrich] Heydrich / Lithophyllum sp. complex), Hapalidiales (Melyvonnea erubescens), and Peyssonneliales (Peyssonnelia sp.). Brief descriptions of the external morphologies (growth forms) and some ecological observations are presented below for each analysed CCA group.
Hydrolithon boergesenii and Porolithon onkodes were found to occupy the same microhabitats and displayed similar growth forms, making them difficult to discriminate in digital images. For this reason, these species were lum kaiseri / Lithophyllum sp. complex. This species was found in shallow (2-5 m depth) exposed areas of the reef. Although some individuals can occasionally be seen growing over corals, the area occupied by an individual is relatively small when compared with the organism underneath. CCA abundance values on the outer reefs PAB2 (24.1 ± 5.7%) and PAB3 (24.2 ± 2.4%) were higher than those on the nearshore reefs (PL) (16.6 ± 2.9%). However, no differences in CCA cover between AA (17.6 ± 4.7%) and the other sites were observed (Fig. 4A ). There was a reduction in coverage at PL in 2014 (11.7 ± 2.8%) and at PAB2 in 2014 (19.1 ± 2.5%) and 2015 (16.4 ± 2.0%) (Fig. 4B) . Nevertheless, no changes over the years were seen in either AA (14.7 ± 2.4 to 22.2 ± 2.2%) and PAB3 (22.4 ± 2.8 to 29.1 ± 2.4%).
Melyvonnea erubescens
Structural patterns of CCA assemblages
The cluster analysis of the 24 observations (sites / years) based on the five CCA taxa indicates a site simiPeyssonnelia sp.
Thalli are smooth warty to lumpy and dark red to brown in colour (Figs 2D & 3G) . This species was mostly found in shady areas, covering large areas of the tops and walls of a reef from 3-15 m depth.
Percent cover of the CCA among sites and years
The mean cover of CCA on the reef tops was estimated to be 20% (Fig. 4 ). Significant differences in the CCA coverages of sites were detected (F = 17.349, p < 0.001) ( Table 1 ). An interaction between site and year was obtained (PERMANOVA, F = 1.6558, p = 0.03) (Table 1) , and the abundance of each year depended on the site. The 
Frequency of occurrence of CCA species / complexes in different sites and years
An interaction between the site and year factors for the frequency of occurrence of CCA species / complexes was obtained (PERMANOVA F = 2.2289, p < 0.001) ( Table 1 ), indicating that temporal fluctuations in abundance varied among sites.
PL were characterized by greater frequencies of P. conicum (30.5%), Peyssonnelia sp. (18%) and the Hydrolithon boergesenii / Porolithon onkodes complex (12.8%) over larity greater than 60% and that three major groups of sites were formed with 70% similarity (Fig. 5) . Group A is formed by PAB2 and PAB3. Group B consisted of all PL samples, except PL 2006, which was in group C. Group C was formed by all analysed samples from AA, except for AA 2006, which was in group B (Fig. 5) . The PERMANOVA indicated that the frequency of occurrence of CCA varied significantly among sites (F = 7.823, p < 0.001), regardless of the year studied (Table 1) . PL and AA were significantly different from PAB2 and PAB3 but were not different from each other. Among these taxa, we were able to identify and quantify the most abundant and conspicuous CCA species or morphological complexes based on their typical external appearances / growth-form (Table 2) , in addition to Peyssonnelia sp. (not identified in Jesionek et al. 2016 , but reported in nearby reefs by Mariath et al. 2013 ). Most CCA taxa that were recorded in the present study are commonly found in tropical and subtropical upper fore-reefs of the Indo-Pacific and / or Caribbean (Matsuda 1989 , Keats et al. 1997 , Littler and Littler 2000 , Maneveldt and Keats 2014 , Sissini et al. 2014 , Hernandez-Kantun et al. 2016 , Rösler et al. 2016 . Although the importance of CCA as tropical reef builders is well known, relatively few species are involved in reef-building processes. In large tropical oceanic areas, only Hydrolithon, Porolithon, Lithophyllum, Neogoniolithon, Pneophyllum, Mesophyllum, Lithothamnion, and Sporolithon species have been recognized as important reef builders and consolidators (Johansen 1981 , Littler and Littler 2000 , Abbot et al. 2012 . the years (Fig. 6A) . P. conicum was the most frequent CCA on the PL reef flat, and no changes in frequency over time were observed. The occurrence of the Hydrolithon boergesenii / Porolithon onkodes complex oscillated over the years, and it was more frequent in 2006 and 2015 (23.3 and 24%, respectively) . The occurrence of Melyvonnea erubescens decreased over the years, and the L. kaiseri / Lithophyllum sp. complex was the least frequent CCA on the PL reef flat, with a frequency of 6.3% (Fig. 6A) .
The AA (Fig. 6B ) was characterized by high frequencies of P. conicum (31.6%), the Hydrolithon boergesenii / Porolithon onkodes complex (22.7%) and the L. kaiseri / Lithophyllum sp. complex (19.7%) over the years (Fig.  6B ). The frequency of P. conicum, as well as the frequencies of Peyssonnelia sp. and the Hydrolithon boergesenii / Porolithon onkodes complex, did not change over time.
The PAB sites (PAB2 and PAB3) were characterized by the highest frequency of P. conicum, with frequencies of occurrence greater than 53% over the years (Fig. 6C & D) . The lowest frequency was recorded for the Hydrolithon boergesenii / Porolithon onkodes complex (5.8%, PAB3). However, the frequency of occurrence of this taxon increased over time, reaching 21.3% (PAB2, 2014) and 18% (PAB3, 2015) . The occurrence of Melyvonnea erubescens increased over time, becoming more frequent in 2015 at PAB2 (20%) (Fig. 6D) and PAB3 (33.3%) (Fig. 6C) . 
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benthic communities in these study sites are dominated by algal turfs (56%) followed by CCA (12.1%). In many Caribbean and Pacific coral reefs, algal turfs almost always dominate the reef community, followed by corals or macroalgae, depending on the reef type; however, CCA is likely underestimated and would balance coral cover in terms of importance (Adey 1998) . Fabricius and De'ath (2001) found that CCA cover on the Great Barrier Reef is related to the sedimentary environment, being relatively higher on outer reefs with low sediment deposits. In this way, the higher CCA cover on the outer reefs PAB2 / PAB3 than that observed on PL may somehow be related to the lower terrigenous sediment deposits on these sites (Reis et al. 2016) .
In the Hawaiian Archipelago, Adey et al. (1982) identified a total of 25 CCA species in 10 genera that were collected from an intertidal area to a depth of approximately 50 m, where Pneophyllum conicum and Porolithon onkodes were the most frequent CCA (19% of the specimens collected). However, in shallow water, P. onkodes tends to dominate along with the branched Lithophyllum kotschyanum Unger (Adey et al. 1982) . In the Caribbean, Porolithon onkodes (as P. pachydermum) and Lithophyllum kaiseri (as L. congestum) occur in the same habitats (Adey 1975, Steneck and Adey 1976) . Borings through several high ridges in St. Croix, U.S. Virgin Islands indicated that Porolithon onkodes (as P. pachydermum) and Lithophyllum kaiseri (as L. congestum) were the dominant Holocene builders of these ridges (Adey 1975 ). More recently, Dean et al. (2015) identified a total of 30 CCA The Abrolhos Bank reef communities have been characterized by extensive CCA cover. Villaça and Pitombo (1997) found total CCA coverages of 4-36% in the oceanic (outer) and nearshore (inner) reefs of Abrolhos. Other research has shown different patterns of CCA cover based on studies restricted to the AA reefs, such as Figueiredo (1997) , who recorded 32-79% cover with Lithothamnion, Lithophyllum, Sporolithon, and Porolithon as the most abundant genera. Figueiredo and Steneck (2002) recorded 2-15% cover of corallines living in shallow zones with little fleshy algae, and the massive and complexly branched species of Porolithon and Lithophyllum were predominant. Figueiredo (2006) found 3-40% cover and Tâmega and Figueiredo (2007) found 10-20% cover on a sunlit reef edge where the CCA distribution was characterized by abundance of the flat thallus of Porolithon onkodes (as Porolithon pachydermum) in relation to the branched crust of Lithophyllum kaiseri (as Lithophyllum congestum) (likely also referring to what Jesionek et al. 2016 considered Lithophyllum sp.).
In the present study, the total mean coverage of CCA on the Abrolhos reef tops was 20%, which is approximately double what was determined by Francini-Filho et al. (2013) Horta et al. (2011 ), Bahia (2014 , Sissini et al. (2014) Fruticose (Sissini et al. 2014) Fruticose Coralgal reefs Nunes et al. 2008 , Jesionek et al. (2016 , this study On a reef flat 150 km north of the Abrolhos reefs, P. conicum was the CCA with the highest abundance, which was twice that of Porolithon onkodes (as P. pachydermum) (Mariath et al. 2013) . The high frequency of P. conicum that was observed in Abrolhos, especially on the pinnacles of PAB, can pose a threat to the health of reefs. P. conicum is widespread in the Indo-Pacific where it has been demonstrated to overgrow and kill live corals (Antonius 2001) . During a coral reef health survey in Mauritius, 80% of the corals were found to be covered to some degree by P. conicum. Many large corals were totally enveloped by two, three, or more contiguous thalli, some measuring almost 1 m in diameter (Antonius 2001) . In Hawaii, Pneophyllum conicum (as Paragoniolithon conicum) occurs on a variety of "coralgal" substrates, and it appears to prefer the sides of finger corals, and may eventually kill living coral by gradually growing up from below (Adey et al. 1982) . On the other hand, this alga may be instrumental in reef ecology as it provides smooth surfaces for the attachment and recolonization by other organisms. Keats et al. (1997) observed young corals and other sedentary organisms attached to the surfaces of older P. conicum thalli.
The high frequency of thin P. conicum on the reefs of Abrolhos Bank can be related to the favourable competitive attributes of this species in reef succession. Pneophyllum conicum (as Paragoniolithon conicum) was reported to have the fastest lateral growth rates (mean of 0.9 ± 1.1 mm m -1 ) and achieved dominance by competitive overgrowing interactions with other CCA in Japan (Matsuda 1989) . Similarly, Mariath et al. (2013) demonstrated a competitive superiority of P. conicum in overgrowing interactions in reefs near Abrolhos. In addition, the high frequency of P. conicum on the Abrolhos Bank may be related to a reduction in fitness of thick CCA. Reis et al. (2016) detected a marine heat wave during the summer of 2013-2014 at the same studied sites in Abrolhos Bank, and this heat wave was positively correlated with the increase in turf cover. This interspecific competition, which is strongly influenced by heat waves, should be an important stressor for CCA species.
Multiple stressors have been described to act on the shallow Abrolhos reefs. These stressors include oversedimentation (Dutra et al. 2006, Segal and Castro 2011) , species among 12 genera on the Great Barrier Reef. The most abundant species was P. onkodes, which was present in 66.9% of transects. The next most abundant species were Pneophyllum conicum (as Paragoniolithon conicum sensu Adey et al. 1982 ) (54.3%) and Hydrolithon boergesenii (as H. reinboldii) (36.0%). Differences in CCA abundance were observed across shelf position, with outer-shelf reefs exhibiting higher abundances than midshelf and inner-shelf reefs (Dean et al. 2015) .
The cluster analysis and PERMANOVA revealed that CCA assemblages and abundances are strongly influenced by the site / reef type. Recruitment (settlement and early survival), growth, succession, competition, and disturbance (physical and biological) are important processes that can affect the distribution and abundance of CCA (Steneck 1986 ). These factors likely act differently on the three different studied reef types whose morphology seems to be related to the underlying substratum (beach rock, Precambrian bedrock, older reefs, etc.), the prevailing hydraulic and sedimentation regime, and the relative position of the reef to the current and past sea level , Bastos et al. 2015 . The CCA assemblages at the PAB sites were markedly different from those at AA and PL, particularly due to the high frequency of P. conicum over the years. Moreover, PAB is characterized by a unique reef type (Type 3) that is formed by mushroomshaped reef pinnacles that are exposed to sunlight and have shallow horizontal tops (approximately 1-50 m extension, 2-6 m depth) and deeper vertical walls (approximately 1-25 m high) (Leão and Kikuchi 2001) . Jesionek et al. (2016) and our personal observations indicate that P. conicum thrives on both walls and tops of pinnacles, while most other CCA species have limited growth at the tops of pinnacles. Thus, we hypothesize that the pinnacle walls serve as refugia and seeding sources for P. conicum at the pinnacle tops.
The calcareous crusts that dominate the shallow Abrolhos reefs can be operationally defined as predominantly thin (≤500 µm in thickness) (P. conicum), thick (>500 µm in thickness) (Hydrolithon boergesenii / Porolithon onkodes complex and Peyssonnelia sp.) and / or branched (Lithophyllum kaiseri / Lithophyllum sp. complex and Melyvonnea erubescens) (Steneck 1986 , Mariath et al. 2012 , Jesionek et al. 2016 . Sites where the primary substrate is often exposed, such as in intensely disturbed habitats, are commonly dominated by thin, fast growing crusts that either recruit as spores or expand laterally Vassar 1975, Steneck 1986 ). In general, late colonizers are more expansive, thicker and / or branched Vassar 1975, Steneck 1986 ). Adey overfishing (Francini-Filho and Moura 2008), water quality changes (Bruce et al. 2012 ) and coral bleaching events that are related to the increase in the frequency of marine heatwaves (Reis et al. 2016) . Associated with this, a possible epizoism syndrome by P. conicum is another factor that could lead to the decline of coral cover on the Abrolhos reefs, which could reduce habitat complexity. As these changes can accelerate the degradation process in the Abrolhos reef communities, they need to be monitored.
The present study reveals that the CCA cover nearly doubled on the shallow Abrolhos reefs from 2003-2008 to 2006-2015 , and the CCA flora is predominantly composed of five taxonomic groups belonging to Corallinales, Hapalidiales, and Peyssonneliales. The local specific abundance of CCA slightly fluctuated over the years and was strongly influenced by the sites / reef types where they occur. The species Pneophyllum conicum dominated the local CCA flora in the last decade, which arouses environmental concern for its monitoring due to its coral-killing potential. The information obtained in this study contributes to our understanding of the ecology of the key calcifying components of the Abrolhos reefs and provides a useful baseline for exploring the responses of CCA to future environmental changes. Thus, the continuity of long-term monitoring programmes in these large coral reefs of the South Atlantic is of paramount importance.
